H NMR kinetic analysis

Materials and general procedure for NMR kinetic experiments
D 8 -toluene (D % 99.6 ampoules of 1 mL) was purchased from Sigma-Aldrich. NMR spectra were recorded on Bruker DRX-400 MHz equipped with a BBFO 5 mm Prove. A capillary with pyrazine (δ= 7.90 ppm) was used as an external standard to quantify the concentration of the different species. To achieve quantitative data for all the species we measured the 90 degree flip angle (P1/4) and the longitudinal relaxation time (T1) for pyrazine as 7.5 s (all the species had a relaxation time lower than pyrazine). Relaxation delay (D1) was calculated as 37.5 s (7.5 s x 5) and used in all kinetic experimeriments.
Calibration curve for qNMR
To calibrate the pyrazine capillary five different solutions of known concentration of nitrostyrene 1 (NS) were prepared. 1 H NMR of each solution with the capillary of pyrazine was recorded with ns= 8.The signals of pyrazine and NS (δ= d, 7.74 ppm) were integrated and the ratios of areas were plotted vs. the concentration of nitrostyrene.
Concentration of NS [M]
(AreaNS/Area pyrazine)×100 
Concentration vs time plots at different AcOH and water amounts
The same colors and different symbols are used for the same acid and different water amount sets. [1] 0 =0.45 M, 5 equiv. acetone, 10 mol% I, 5 mol% AcOH. {I-2}, green; {I-3a}, blue; {I-3b}, red; unknown species, yellow; total concentration of detected catalytic species, black hyphen. Recorded on a Bruker 500 MHz spectrometer equipped with a cryoprobe.
The concentration of catalyst-acetone imine {I-2} decreases fast from the beginning of the reaction and then stays at a very low level (green squares). Catalyst-product imine {I-3a} concentration (blue triangles) also decreases at the beginning but after the reaction is ca. 50% conversion its concentration increases again slowly and remains constant thereafter. In contrast, concentration of the catalyst-double addition product imine {I-3b} increases along the reaction up to a maximum at ca. 0.009 M, and then decreases down to very low concentrations at the end of the reaction (red circles). This behavior suggests an equilibrium between {I-3a} and {I-3b}.
1
H NMR signals corresponding to unknown species that we attribute to catalyst decomposition products (yellow crosses) are initially at very low intensity, but the concentration of these species increases constantly with time. The total concentration of detected catalytic species decreases constantly along the reaction, from 0.014 M to 0.006 M (black hyphens). [1] 0 =0.45 M, 5 equiv. acetone, 10 mol% I, 5 mol% AcOH, 1 equiv. water. {I-2}, green; {I-3a}, blue; {I-3b}, red; unknown species, yellow; total concentration of detected catalytic species, black hyphen. Recorded on a Bruker 500 MHz spectrometer equipped with a cryoprobe. The concentration of catalyst-acetone imine {I-2} decreases fast from the beginning of the reaction and then stays at a very low but appreciable level (ca. 0.001 M, green squares). Catalyst-product imine {I-3a} concentration (blue triangles) decreases fast at the beginning but afterwards stabilizes at ca. 0.001 M, and after 10 hours its concentration increases again slowly. In contrast, concentration of the catalyst-double addition product imine {I-3b} increases fast at the beginning up to a maximum at ca. 0.003 M, and then decreases down slowly to very low concentrations at the end of the reaction (red circles). This behavior suggests an equilibrium between {I-3a} and {I-3b}.
1 H NMR signals corresponding to unknown species that we attribute to catalyst decomposition products (yellow crosses) are initially at very low intensity, but the concentration of these species increases up to 0.001 M and stays constant after 6 hours. The total concentration of detected catalytic species decreases constantly along the reaction, from 0.005 M to 0.003 M, at around 8-10 hours. Afterwards the total concentration increases slowly to the original level (black hyphens). 
Characterization of intermediate species
{I-3b}
In the absence of added water and AcOH (Conditions A, [1] 0 =0.45 M, 10 equiv. acetone, 10 mol% I), the catalyst-double addition imine intermediate {I-3b} and the product 3a formed cleanly and could be fully characterized by NMR.
Figure 7.
1 H NMR characterization of the catalytic species {I-3b} and product 3a.
Performed in the absence of added water and AcOH (Conditions A). 
{I-3b}
Under acid-free conditions but adding 1 equiv. of water ([1] 0 =0.45 M, 10 equiv. acetone, 10 mol% I, 1 equiv. water) double addition product imine {I-3b} and product 3a were formed (See Section 7.6). After 24 hours the concentration of the two species remained constant. 
Proof of the ''free catalyst'' does not deactivate
The reactions were carried out under three different sets of reaction conditions (Conditions A-C). For all three sets of reactions, [1] 0 = 0.45 M, 10 equiv. acetone and 10 mol% catalyst I were used. First, the catalyst (7.5 mg, 0.027 mmol) was weighed directly into the NMR tube, and then the reagents were added from common stock solutions in the indicated order. The catalyst was exposed to nitrostyrene for 3 hours prior to acetone addition. The reaction was then recorded continuously by NMR. 
Proof of no product inhibition
An initial kinetic experiment by 1 H NMR (red squares) was repeated under identical conditions (Conditions B, [1] 0 =0.45 M, 10 equiv. acetone, 10 mol% catalyst I and 5 mol% AcOH) and recorded continuously by NMR. The amount of product formed during the first 2.5 hours (yellow circles) was calculated as 0.114 M (15 mg, 0.0684 mmol). Another experiment was carried out under identical conditions adding the calculated amount of product at the beginning of the reaction. The overlay of these two traces (product added experiment and the reference experiment) concludes there is no product inhibition responsible for this reaction. 
